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Introduction: The increase in the incidence of obesity leads to an increase in the frequency of obesity-related complications 
such as insulin resistance (IR), hypertension, and hyperlipidemia. This study aimed to examine the relationship between B12 
levels and IR in obese patients.
Methods: A total of 110 children aged 10–16 years who presented to pediatric endocrinology outpatient clinic for obesity were 
enrolled. The homeostasis model of assessment-insulin resistance (HOMA-IR) made the diagnosis of IR. The patients who had 
previously received B12 and metformin treatment were excluded from the study. The vitamin B12 levels between patients with 
and without IR were compared. The correlation between B12 levels and IR was evaluated.
Results: When patients with IR were compared with those without IR, a statistically significant difference was observed in serum 
B12 levels (p=0.019). A strong negative correlation was observed between vitamin B12 levels and IR (r=−0.259, p=0.008).
Discussion and Conclusion: We found that vitamin B12 levels were significantly lower in obese children with IR. Metformin 
used for IR is known to have lowered the absorption of vitamin B12. In addition to screening of IR and other co-morbidities 
in obesity, the lack of vitamin B12 should also be investigated. If deficient, vitamin B12 should be replaced before starting 
metformin treatment. Further studies are needed to examine the effect of vitamin B12 deficiency on the pathogenesis of IR.
Keywords: Insulin resistance; obesity; vitamin B12 deficiency.

Vitamin B12, found in many animal foods, is an essential 
vitamin. It is involved in DNA synthesis, hematopoiesis, 

and neurological functions. Its deficiency can be seen with 
metformin treatment, obesity, insulin resistance, and type 
2 diabetes, apart from inadequate uptake and malabsorp-
tion [1–3].

Obesity has become a global health problem. It is often 
accompanied by many co-morbidities such as insulin resis-
tance (IR), type 2 diabetes mellitus, hypertension, dyslipi-
demia, non-alcoholic fatty liver disease, and cardiovascular 

disease. These co-morbidities determine life expectancy in 
obesity.

Recent studies have shown that obese children have lower 
levels of vitamin B12 [4, 5]. Macfarlane et al. [5] showed that 
B12 deficiency was higher in children aged 6–19 years com-
pared to that in children with normal weight.  However, this 
relationship was not well defined. Only a smaller number of 
studies concerning vitamin B12 levels have been performed 
in obese children with ID or prediabetes [1]. Since metformin 
is frequently used in obese children with ID, and this leads 
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to vitamin B12 deficiency, assessment of B12 levels in these 
children is very important.n this study, vitamin B12 levels 
were evaluated in obese children with and without IR.

Materials and Methods 
A total of 110 patients with body mass indexes (BMI) >95 
percentile who were admitted to the pediatric endocrinol-
ogy outpatient clinic with the diagnosis of obesity were 
enrolled in the study. Obese patients who had previously 
received B12 treatment or metformin for IR, multivitamin 
preparations, and had other chronic diseases, or were re-
ceiving medications for their chronic diseases were ex-
cluded from the study. Ethics committee approval was ob-
tained from the ethics committee of our hospital (approved 
number: 21.02.2018/5331).

Patients were divided into two groups: Group 1 consisted 
of patients without insulin resistance, and Group 2 con-
sisted of patients with insulin resistance. Obesity was de-
fined as having BMI above 95 percentile [6]. BMI was cal-
culated by the formula: weight (kg)/height2 (m2), and BMI 
reference percentiles prepared for Turkish children were 
used [7]. All blood samples were drawn in the morning af-
ter 12 hours of fasting. The reference range of the device 
used to determine vitamin B12 deficiency was calculated, 
and the values below 187 pg/ml were accepted as vitamin 
B12 deficiency. 

In obese children, homeostasis model for assessment 
of insulin resistance (HOMA-IR) was used to calculate IR. 
HOMA-IR was calculated as follows: fasting blood glucose 
(mg/dl)×fasting insulin (mU/mL)/405 [8]. The diagnosis 
of IR was defined as HOMA-IR >2.6 for prepubertal girls, 
>2.6% in males, >3.8 in pubertal females, and >5.2 in pu-
bertal males [9]. 

Laboratory tests were used to evaluate the following pa-
rameters: alanine aminotransferase (ALT), aspartate amino-
transferase (AST), triglyceride (TG), total cholesterol (TC), 
low-density lipoprotein (LDL), high-density lipoprotein 
(HDL), complete blood count, fasting blood glucose (FBG), 
insulin, and vitamin B12. FBG, ALT, and AST levels were 
measured using the Abbott i8000 device and Abbott kits 
in our central laboratory. FBG levels were measured by hex-
okinase method, and ALT and AST were measured by en-
zymatic method. The insulin levels were studied using the 
Abbott i16000 device and the chemiluminescent micropar-
ticle immunoassay (CMIA) method.

Vitamin B12 was measured with the Abbott device and 
chemiluminescence immunoassay method.

Statistical Analysis 

When evaluating the findings obtained in this study, IBM 
SPSS Statistics 22 for statistical analysis (SPSS IBM, Turkey) 
program was used. The fit of the parameters to normal 
distribution was evaluated by the Shapiro–Wilks test. To 
evaluate the study data, aside from descriptive statistical 
methods (mean, standard deviation), Student’s t-test was 
used for intergroup comparison of quantitative data of nor-
mally distributed parameters. The Mann–Whitney U test 
was used for intergroup comparisons of parameters with 
non-normal distribution. Pearson correlation test was used 
for the correlation analysis of the normally distributed pa-
rameters. Significance was evaluated at p<0.05.

Results
Of the 110 patients included in this study, 55.5% (n=61) were 
female, and 44.5% (n=49) were male. Insulin resistance was 
detected in 35 (31.8%) patients. The mean age of Group 2 
was significantly higher (p<0.05). The mean BMI was signifi-
cantly higher in Group 2 (p<0.05). Demographic and labora-
tory results of the patients are given in Tables 1 and 2. 

Vitamin B12 levels were significantly lower in Group 2 with 
IR (p=0.019). The ALT levels were significantly higher in 
Group 2 (p<0.01). The triglyceride levels were statistically 
significantly higher in patients with IR (p<0.05); but no sig-
nificant difference was found between AST, HDL, TC, and 
uric acid levels in both groups. The LDL cholesterol levels 
were significantly higher in Group 1 (p=0.0).

Vitamin B12 levels were below 187 pg/ml in 21 (19%) pa-
tients. While vitamin B12 levels were low in 12 of 75 (75%) 
patients without IR, vitamin B12 levels were lower in 9 of 35 
(25.7%) patients with IR. BMI was found to be 32.58±5.09 kg/
m2 in patients with low vitamin B12 levels and 30.61±9.52 
kg/m2 in patients with normal vitamin B12 levels.

A negative correlation was observed between vitamin B12 
levels and HOMA-IR (p=0.008, r=−0.259). No significant re-
lationship was observed between BMI and vitamin B12 lev-
els (p=0.075, r=−0.33).

Table 1. Demographic characteristics of the patients

  Group 1 Group 2 All patients p
  Mean±SD Mean±SD Mean±SD

Age (years) 11.8±2.7 12.9±1.8 12.19±2.58 0.012
Female, n (%) 42 (38.2) 19 (17.3) 61 (55.5) 0.343
Male, n (%) 33 (30) 16 (14.5) 49 (44.5)
Prepubertal, n (%) 14 (45.1) 17 (54.8) 31 (28.2) 0.240
Pubertal, n (%) 61 (77.2) 18 (22.7) 79 (71.8)
BMI (kg/m²) 30.1±10 33.1±4.9 30.92±8.88 0.04

BMI: Body mass index; SD: standard deviation; p<0.05.
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Discussion
In this study, we have shown that B12 deficiency is more 
frequent in obese children with IR than in those without IR. 
Few studies in the literature show the relationship between 
vitamin B12 and insulin resistance in obese children [1]. In a 
study by Ho et al., [1] B12 levels were found to be low or bor-
derline normal in one-third of obese adolescents with insulin 
resistance. In our study, vitamin B12 levels were significantly 
lower in Group 2 with IR (p=0.019). A negative correlation 
was observed between B12 and IR (p=0.008, r=−0.259). 

There are few studies on vitamin B12 levels in obese chil-
dren, and vitamin B12 deficiency has been reported to be 
around 10%–20% [4, 5, 10]. In our study, vitamin B12 defi-
ciency was found in 19% of obese children. This rate was 
consistent with that in the literature [5]. 

There is no consensus on the diagnosis of vitamin B12 de-
ficiency. The most acceptable and cost-effective method is 
measurement of serum B12 levels [11], Since it is not a uni-
versally accepted threshold value, the threshold value for 
the age range of the method studied in our hospital was 
used. The threshold value of our hospital device was 187 
pg/ml, and below the value of 187 pg/ml were defined as 
vitamin B12 deficiency. 

However, methylmalonic acid and homocysteine levels 
that are more sensitive for B12 deficiency were not eval-
uated in this study. Another weak point of our study was 
the lack of a control group in which vitamin B12 levels were 
measured in children with normal weight.

In a recent study published by Li et al. [12], the way vitamin 
B12 deficiency affects insulin resistance was described as 
follows: B12 deficiency leads to insufficiency in the syn-

thesis of methionine by inducing leakage of cellular folate, 
which increases the stress in the endoplasmic reticulum by 
causing deficiency of oxidation of free fatty acids.

Because B12 is a cofactor in the conversion of methyl-
malonic acid to succinylcholine, methylmalonic acid ac-
cumulates in B12 deficiency, and causes lipogenesis and 
insulin resistance [12]. Hence, in obese children, lower vita-
min B12 levels are seen to no less a degree. We found that 
serum B12 levels were lower in patients with IR. Metformin 
used with indication of IR also decreases the absorption of 
vitamin B12. It is important to consider and treat B12 be-
fore treatment. In obese patients, besides vitamin D and 
other concomitant diseases, vitamin B12 deficiency should 
be investigated. Further studies are needed on the effect of 
vitamin B12 deficiency on the pathogenesis of IR.
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